SEMICONDUCTOR INTEGRATED CIRCUIT AND METHOD OF MANUFACTURING 

THE SAME 



BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a semiconductor integrated 
circuit (hereinafter called "IC") and a method of manufacturing 
it, and particularly to a method of laying out respective 
circuit blocks which constitute the IC. 
Description of the Related Art: 

A custom IC such as an ASIC (Application Specific 
Integrated Circuit) is normally designed by a gate array system, 
an embedded array system, a standard cell system or full custom 
system. 

O^- In^fe©-IC designed by the gate array system, layers other 

than a metal wiring layer are formed as master slices in advance 
and a plurality of basic cells are provided, followed by 
formation of wiring layers, whereby the basic cells are 
electrically connected to one another and circuit functions 
constituting a NAND circuit and an OR circuit can be 
implemented. 

According to the standard cell system or full custom system, 
since dedicated macro cells such as a CPU, a RAM or the like 
comprised of pre-designed circuit blocks are used, the area 
of the IC chip can be4e^reduced. The use of a layout editor 
or the like in particular allows the attainment of the minimum 
area of the IC chip. 
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cuscoirr-&ys tcm hao fclncf-f ulluwiay character istics . Name 1} 
according to the embedded array system, dedicated mapa^b cells 
such as a CPU, a RAM, etc. are embedded in a ba^e array at a 
design stage of an IC layout ./A laWr in jOiicli functional 
elements or devices such as MOH transistors , etc. ege*formod T 
is formed by using a previously Adesijg'ried arid manufactured mask, 
and each of wiring layers f or>^rtriterconnedting the plurality 
of functional devices witljxt^ne another is formed over the layer. 
Incidentally, the wiring layer ±<k rma?if\ally hereinafter called 
^&u s .. 1"niM-scd layi^j because it is designed for each user. On 
the other hafid, the layer in which the functional devices are 
f ormejJ-; is hereinafter called 4 - Non - ^Guo - tomigfeJ laykij - because 
v€ is used on a - g e neral ^pur oose basis . 



Owing to the adoption of the embedded array system in this 
way, the design and fabrication of the mask for forming the 
non-customized layer are allowed even at a stage in which logic 
circuits other than the dedicated macro cells-are not determined. 
Thus, an IC is formed in a short^EAT (TurnAround Time) similar 
to that employed in the gate array system in which the logic 
circuits are implemented by the customized layer alone. 

Even when it is necessary to change a logic circuit, only 
a change in customized layer allows for such a circuit change 
without a change in mask for forming the non-customized layer. 

The^dedicated macro cells according to the embedded array 
system are layout designed in accordance with, for example, 
the standard cell system or full custom system. According to 
the full custom system, each dedicated macro cell is implemented 
in a narrow area as compared with the gate array system. 
Consequently, the chip area of the IC laid out by the embedded 
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array system is smaller than that for an IC laid out by the 
pure gate array system. 

In the gate array system on the other hand, the IC designed 
by the gate array system normally makes use of a large number 
of general -purpose functional devices so as to correspond to 
a plurality of specifications. Therefore, the chip area of the 
IC will spontaneously increase. 

While the chip area of the IC designed by the standard 
cell system or full custom system ^doorcases m the standard 
(Lull sys t em Ui. lull custom system as described above, the period 
from the completion of its design to the start of fabrication 
of all the layers of the IC is «saad© long. 

As those other than the dedicated macro cells, so-called 
design resources such as the macro cells and base array designed 
by the gate array system, etc. are used in the embedded array 
system. Since the macro cells designed by the gate array system 
O- have high general versatility corresponding to JJrite-pluraiity 
of specifications, they increase in scale as compared with the 
macro cells generally designed by the standard cell system or 
the full custom system. Accordingly, the chip area of the IC 
designed by the embedded array system increases as compared 
with that designed by the standard cell system or full custom 
system and hence this exerts ^afi- influence on the cost of the 
chip in no -small numb o r - c . 

With the foregoing in view, it is therefore an object of 
the present invention to provide a method of manufacturing a 
semiconductor integrated circuit, which is capable of reducing 
a chip area thereof and being designed and manufactured in a 
short period of time. 
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SUMMARY OF THE INVENTION 

In order to achieve the above object, the present invention 
provides a method of manufacturing a semiconductor integrated 
circuit comprised of a plurality of functional blocks 



respectively provided with predetermined functions by 

. „ „ „ . "N** me W *.<^ 

^ arbitrarily-placed semiconductor devices, ^comprising the 

following steps: 
O a first step for placing a ^ba-o-irc- ; o c 1 1 block comprised of 

a plurality of basic cells arranged in line and a plurality 
of functional blocks within a predetermined area of a 
semiconductor chip ; 

a second step for designing necessary ci 
block; and 



..... ... a/ '*w 

a second step for designing necessary circuits m the teras-are. 1 



CX . a third step for electrically connecting between the<feasig. 

A 

^ -c ells - lying within the basic cell block by using 
interconnections . 

According to the manufacturing method, circuits formed 

ex. by the plurality of functional blocks are lix srfc- determined in 
the first step. Masks corresponding to the determined circuits 
can be designed and manufactured . Another step for determining 
a circuit corresponding to the basic cell block by using a gate 
array system can be executed in parallel with the design and 
fabrication of the masks. Thus, the time required to complete 
the semiconductor integrated circuit inclusive of the design 
and fabrication thereof can be reduced as compared with the 
case in which the design and manufacture of the masks are started 
after all the circuits have been determined. 
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The basic cell block and the plurality of functional blocks 
are may be laid out by a standard cell system. Alternatively, 
they may be laid out by a full custom system. According to the 
method referred to above, the semiconductor integrated circuit 
O can be implemented by a chip small ie? area. 

A 

If a plurality of basic gates are electrically connected 
to one another by metal wiring layers to construct the circuit 
for the basic cell block, then the circuit corresponding to 
the basic cell block in the second step is determined by 
principally designing the metal wiring layers. Namely, masks 
corresponding to metal wiring layers for electrically 
connecting between the functional blocks are designed and 
manufactured, and metal wiring layers for electrically 
connecting the basic cells lying within the basic cell block 
are formed using the masks in the second step, whereby all the 
circuits employed in the semiconductor integrated circuit are 
completed. According to the present method, the time required 
between the completion of the design of the semiconductor 
integrated circuit and the completion of the fabrication 
thereof substantially coincides with the time required to form 
the metal wiring layers. Thus, the period during which the 
semiconductor integrated circuit is completed, can be greatly 
reduced as compared with the prior art. 

Further, one of the plurality of functional blocks can 
be formed as a CPU core block or memory cell block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims 
particularly pointing out and distinctly claiming the subject 
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matter which is regarded as the invention, it is believed that 
the invention, the objects and features of the invention and 
further objects, features and advantages thereof will be better 
understood from the following description taken in connection 
with the accompanying drawings in which: 

Fig. 1 is a block diagram showing a configuration of an 
IC chip according to an embodiment of the present invention; 
and 

Fig. 2 is a block diagram illustrating a configuration 
of a gate array block built in the IC chip shown in Fig. 1. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
hereinafter be described in detail with reference to the 
accompanying drawings. In the following description, 
components or elements having functions and structures 
substantially identical to one another are identified by the 
same reference numerals and the description of certain common 
elements will therefore be omitted. 

;t is desirable to adopt the standard cell system or full 
custom system as described above for the purpose of reducing 
the ar e^^ofan^K^chip . As has been practiced by the ^nfoeddecT 



^array sy^tem^n gen^JL, a mask used fo/the formatSi^each 
non-customized layer is designed and manufactured prior to (or 
in parallel with) the formatW of a customized layer so that 
the TAT can be shortened. 

Igr^to previously design and manufacture the mask 
for the non-customized^rsye^-the^llowing two conditions must 
be met. The first condition is asfoTlSws^^It is necessary 
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to fix patterns for functional elements or devices such as 
transistors for constituting each non-customized layer and 
avoid cfianges in patterns after the design and fabrication of 
the mask aJse started. Further, the second condition is as 
follows: Interconnections in each wiring layer used as. a 
customized layerVe suitably formed in association with the 
non-customizedjjiyej^^so^th^ obtained. 



Namely, if ba.sicgatek (also called "basic cells"K based on 
the gate array system are ^WrtlmiTemT5e^c^orTrm^c designed 
by the standard cell syste\or full custom system, and the 
plurality of embedded, basic ga\es are electrically connected 
to one another and utilized in combination so as to implement 
the desired functions, then the mask u^d for the non-customized 

^ e ^^^^J^J^Ei^^^ pH° r 1° the formation 
ofjJie customized layer even in the case\ the IC designee! 
by the standard cell system or full custom system. 

^-ess for designing such an IC as to allow the mask 
for the non-cu^BbTfti^ed layer to be designed and fabricated prior 
to the formation of th>"cT^omized layer, using the standard 

next be explained. 
First of all, a whole-circuit layout area of a 
semiconductor substrate (or chip) for forming the IC thereon 
is divided into an area (corresponding to a function cell block 
layout area) in which a circuit is already determined and no 
change occurs in the circuit, and an area (corresponding to 
an area in which a plurality of basic cells are arranged in 
line) having the potential of a change in circuit. 

ILresources based on the gate array system are 

ea having the potential 
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cell system or full custom systt. 



blocked to effect layout design . 



">9sgthe change in circuit. The layout of the entire IC is 

designea^wljlle the blocked design resources based on the gate 

array system arefefeijig captured by a CAD (Computer Aided Design) 

of the standard cell syshm or full custom system. Upon 

completion of the layout desigh^of the entire IC, the design 

and fabrication of the mask related tothe non-customized layer 

_ y 

is started. \ 

Thereafter, when the contents of the circuit is determined 
in the a^ea having the potential of the change in circuit, each 
gate array block corresponding to basic cell block is «^=Aaid 

\ A A 

out using the (SAD of the gate array system. The design and 
fabrication of the^mask corresponding to each customized laye r 
are started based on\the re-laid out gate array block. 



Incidentally, the gate a^ray block whose circuit has been 
determined, is laid-out^ d eG Kbg - n e d based on the non-customized 
layer formed by the previously^siesigned and fabricated mask. 
Namely, the gate array block preceding the determination of 
the circuit and the gate array blockN^ubsequent to the 
determination of the circuit are respectively made-up of the 
same basic gate group comprised of basic gebtes identical in 
number in both the vertical and horizontal di^ctions. 

An IC chip 1 according to the embodiment of the present 
invention will next be explained with reference to Figs. 1 and 
2. The IC chip 1 comprises a chip peripheral portion 2 and a 
core macro portion 3 . 

The chip peripheral portion 2 is made up of a plurality 
of I/O buffers 21 which serve as interfaces between the IC chip 
1 and the outside thereof, and a plurality of pads 22 to which 
bonding wires are electrically connected. 
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For example, a CPU core block 31, peripheral blocks 32, 
random logic blocks 33, and a gate array block 34 are placed 
in the core macro portion 3 surrounded by the chip peripheral 
portion 2. The respective blocks are electrically connected 
to one another through the use of metal wires or 
interconnections . Circuit-designed design resources are used 
for the CPU core block 31, peripheral blocks 32 and random logic 
blocks 33. 

Transistors, which constitute the CPU core block 31, the 
peripheral blocks 32 and the random logic blocks 33, normally 
have arbitrary forms respectively and are designed according 
to the standard cell system or full custom system. On the other 
hand, the gate array block 34 is comprised of a plurality of 
basic gates 41 (e.g., MOS transistors) arranged in an array 
form as shown in Fig. 2. Logic elements or devices 42-1, 42-2, 
42-3, 42-4, ... (such as a NAND circuit, a NOR circuit, an 
inverter, etc.) are formed by utilizing the basic gates 41 in 
combination . 

The functions of the logic devices 42-1, 42-2, 42-3, 
42-4, ... are implemented by connecting respective terminals 
of the transistors constituting the respective basic gates 41 
to one another through interconnections 43 . The function of 
the gate array block 34 is implemented by connecting the 
respective logic devices 42-1, 42-2, 42-3, 42-4, ... to one 
another through the use of metal interconnections 44 based on 
circuit connection information. 

The gate array block 34 constructed as described above 
is placed over the 1C chip 1 together with the CPU core block 
31, the peripheral blocks 32 and the random logic blocks 33 
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constituting the chip peripheral portion 2 and the core macro 
portion 3. Thus, the design of the layout of the IC chip 1 is 
completed. 

Lnce diffused layers, polysilicon layers, metal wiring 
layers, N^tc . are conventionally formed after the design and 
f abricatio\of the masks when the IC is designed by the standard 
cell system di: full custom system, it normally took several 
months tq complete the IC . On the other hand, according to the 
IC chip l^eJ^ a^od t\frfrre embodiment of the present invention, 
it is possible to previously design and manufacture the mask 
corresponding to the nonS^customized layer during a logic- 
simulation stage, for example. Further, the design work such 
as the logic simulation or the\like is continuously performed 
in parallel with the design and ^fabrication of the mask. 



it for the gate array 



Thereafter, when the corresponding 

block 34 has^ determined, the A gate arrV block 34 is lay-out 
designed again, and a mask corresponding tfe a customized layer 
/is designed and fabricated. 
\r ^Wherr-feb^-£a b. j.- i ^ a L iuii or t he iiun-cu&JLumizud r^ray ea: L±j r 

^ completed the start of the fabrication of the cj*sf£omized 
layer, for example, a TAT requ*rn=^ tee-^bake ^5mthe start of 
the fabrication of the customized la^e^to the completion of 

he IC chip 1 takes the same 
iriod of the customized layer. 
Namely, the period^&fom the compl^trion of the design of the 
IC to the comp^e€ion of the fabrication of the IC chip can be 
greatly reduced by several months to several weeks as compared 
with^Oie prior art in which the IC has been designed using the 
<«ra*tdarra cell system or full custom system" 



formation of all the layers oj 
O- several weeks as a>manuf 
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ftccoraing to tfreT C uh - iy 
the present invention, when a circuit change occurs i^ffhe gate 
array block 34 , the^TC chip cancope with sucji^circuit change 



by redesigning only the gat 
0_ of the circuit of the non- 
G* - and dcoignin^ -and 




4 while the contents 



layer is-beisig* maintained 



the mask related to the gate 
array blo^k<J4 ,r changed in design. Thus, the circuit change of 
the jgdxe array block 34 can be ^ L erminatod^ in a short period 



(X 



The function of the circuit for the gate array block 34 
can be implemented by connecting the logic devices 42-1, 42-2, 
42-3, 42-4, . . . comprised of the basic gates 41 to one another 
using the metal interconnections 44 formed in the customized 
layer. Namely, an IC having diversified functional variations 
is manufactured by utilizing a plurality of gate array blocks 
different in function in combination with one type of non- 
customized layer. 

While the present invention has been described by the 
preferred embodiment of the present invention while referring 
to the accompanying drawings, the present invention is not 
necessarily limited to the ^embodiment . 

While the IC chip 1 according to the present invention 
has been described in conformity with the CPU, for example, 
the present invention is not limited to ttrie . The present 

A 

invention is applicable *ever*- to other semiconductor integrated 
circuits such as a RAM, etc. 

^ingto the present invention, as has been described 
bove, the time requix^a^tr-eemp^etea semiconductor integrated 
circuit inclusive of the design and fabrication thereof can 

- 11 - 



